Background For greater tuberosity fractures, 5-mm displacement is a commonly used threshold for recommending surgery; however, it is unclear if displacement can be assessed with this degree of precision and reliability using plain radiographs. It also is unclear if CT images provide additional information that might change decision making. Question/Purposes We asked: (1) Does interobserver agreement for assessment of the amount and direction of fracture-fragment displacement vary based on imaging modality (radiographs only; 2-dimensional [2-D] CT images and radiographs; and 3-dimensional [3-D] and 2-D CT images and radiographs)? (2) Does the likelihood of recommending surgery vary based on imaging modality? (3) Does the level of confidence regarding the decision for treatment vary based on imaging modality? Methods We invited 791 orthopaedic surgeons to complete a survey on greater tuberosity fractures. One hundred eighty (23%) responded and were randomized on a 1:1:1 basis in one of the three imaging modality groups and evaluated the same set of 22 fractures. We described age, sex, mechanism of injury, days between injury and imaging, and that patients had no comorbidities or signs of neurovascular damage for every case. One hundred sixty-four of the 180 respondents completed the study and there was an imbalance in noncompletion between the three groups (two of 67 [3.0%] in the radiograph only group; nine of 57 [16%] in the 2-D CT and radiograph group; and five of 56 [8.9%] in the 3-D CT, 2-D CT, and radiograph group; p = 0.043 by Fisher's exact test). Participants assessed amount (in millimeters) and direction (posterosuperior/posteroinferior/ anterosuperior/anteroinferior/no displacement) of displacement; recommended treatment (surgical or nonoperative); and indicated their level of confidence regarding the recommended treatment on a scale from 0 to 10 for every case. Overall recommendation for treatment was expressed as a surgery score per surgeon by dividing the amount of cases they would operate on by the total number of cases (n = 22) and presented as a percentage. Confidence regarding the
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Introduction
The amount and direction of displacement that benefit from surgery in isolated greater tuberosity fractures are debatable [11, 13, 18] . Some surgeons advocate surgical treatment for as little as 3-mm displacement, but 5 mm is a more-commonly used threshold for recommending surgery [11, 21] . However, it is unclear if displacement can be assessed with this degree of precision and reliability. Some surgeons recommend CT when radiographic assessment of a greater tuberosity fracture is inconclusive [11, 13] .
Studies of fractures at other anatomic areas (such as the tibia plateau) are conflicting regarding improved fracture assessment reliability when comparing CT scans with radiographs [5, 6, 22] . Criteria used for diagnosis or treatment ideally should be reliable, accurate, and associated with outcome. The extra resources and radiation of CT scanning are merited only if CT provides additional information that might change decision making and improve outcomes. Advanced imaging potentially increases surgeons' level of confidence regarding the decision for treatment and increased confidence might decrease the need for second opinions, additional followup appointments, and radiographs for uncertainty.
We therefore aimed to evaluate reliability of assessment of greater tuberosity fracture characteristics and resulting treatment recommendations after different imaging modalities. Specifically, we asked the following questions: (1) Does interobserver agreement for assessment of the amount and direction of fracture-fragment displacement vary based on imaging modality? (2) Does the likelihood of recommending surgery vary based on imaging modality? (3) Does the level of confidence regarding the decision for treatment vary based on imaging modality?
Materials and Methods

Study Design and Participants
Our institutional review board approved this cross-sectional survey study. All members of the Science Of Variation Group (SOVG) were invited to complete an 88question survey on greater tuberosity fractures. The SOVG aims to study variation in assessment and treatment of upper extremity conditions, without financial incentive [4, 15] . It includes 791 orthopaedic and trauma surgeons. Of those, 180 (23%) responded and participated in this study. Sixteen (8.9%) participants did not complete the survey and were excluded, and 164 completed all questions and were kept for analysis. Because most of the members with emails in the SOVG database are not active participants, the rate of participation is not a true response rate. In addition, not all the SOVG members are shoulder or fracture specialists. Those who do not treat these injuries presumably opted out.
The survey was created online in SurveyMonkey 1 (Palo Alto, CA, USA). Invitations to participate were sent on July 8, 2015. At 2, 4, and 5 weeks we sent a reminder.
Participating surgeons were randomized through a builtin feature of SurveyMonkey 1 to one of three study arms on enrollment in the study on a 1:1:1 basis. Simple randomization was used, meaning that each new subject is assigned to a group randomly and independently of M. P. J. van den Bekerom, D. F. P. van Deurzen Shoulder and Elbow Unit, Department of Orthopaedic Surgery, Onze Lieve Vrouwe Gasthuis, Amsterdam, The Netherlands previous group assignments (ie, no method is used to prevent imbalance in group size [eg, permuted block randomization]) [16] . Case descriptions were the same for all three study arms, but imaging modalities varied: radiographs only (Group 1); 2-dimensional CT-scan (2-D CT) images and radiographs (Group 2); and 3-dimensional (3-D) and 2-dimensional CT (3-D CT and 2-D CT) images and radiographs (Group 3) ( Fig. 1) .
The survey included 22 cases and each case was followed by four questions: (1) What is the estimated displacement in millimeters?; (2) What is the direction of displacement? (Posterosuperior/Posteroinferior/Anterosuperior/Anteroinferior/No displacement);
(3) What treatment would you recommend? (Operative/Nonoperative); (4) On a scale from 0 to 10, how confident are you about this decision? (0 = not at all confident to 10 = very confident). The answer to Question 1 was dichotomized to less than 5-mm displacement and 5 mm or more as this cutoff often is used as a threshold for recommending surgical treatment [13, 18] . We described age, sex, mechanism of injury, and days between the injury and imaging for every case (Appendix 1. Supplemental material is available with the online version of CORR 1 ). We also explained that the patients had no comorbidities and that there were no signs of neurovascular damage. Sex, location of practice, years in practice, supervising trainees, and specialization of the surgeon were derived from the SOVG members' database [4, 15] .
We used a diagnosis code (International Classification of Diseases, 9th Revision code 812.03: fracture of greater tuberosity of humerus closed) to identify patients who received the diagnosis of greater tuberosity fracture between January 2005 and January 2014 at one of two tertiary care clinics (n = 314). There were 22 (7.0%) isolated greater tuberosity fractures confirmed with radiographs and CT scans (Appendix 1. Supplemental material is available with the online version of CORR 1 ).
All available radiographs were shown for every case. Three-dimensional images were rendered from the 2-D CT scans using the OsiriX medical image viewer application (Version 6.5.2; Pixmeo, Bernex, Switzerland). Short (± 10 seconds) scroll-through movies were made, via a built-in feature of OsiriX, for the 2-D images in the coronal and transversal planes. We made 180 o fly-through movies of the 3-D rendered images ( Fig. 1 ). Radiographs and CT scans were obtained for clinical purposes and were not standardized for this study. No measurement tool was available while taking the survey.
Outcome Measures
Overall recommendation for treatment was expressed as a surgery score per surgeon by dividing the amount of cases they would operate on by the total number of cases (n = 22) and presented as a percentage. The surgery score ranges from 0% to 100%, with a higher score indicating higher likelihood for recommending surgery. Confidence regarding the decision for treatment was calculated by averaging the confidence score per surgeon; the score ranges from 0 to 10 with a higher score indicating more decisional confidence.
Surgeon Characteristics
Sixteen of the 180 participants did not complete the questionnaire and there was an imbalance in noncompletion between the groups (two of 67 [3.0%] in the radiograph only group; nine of 57 [16%] in the 2-D CT and radiograph group; and five of 56 [8.9%] in the 3-D CT, 2-D CT, and radiograph group; p = 0.043 by Fisher's Exact test). Of the 164 participants who completed all questionnaires, 158 (96%) were men. The majority of participants were from North America (46%) and Europe (42%). There were no differences in baseline characteristics between the three study arms ( Table 1) .
Statistical Analysis
Categorical variables were shown as frequencies with percentages and continuous variables as mean with SD as visual inspection of histograms suggested normality.
We screened our data for potential erroneous entries for Question 1 (estimated displacement in millimeters) as this was a free numeric field. We used Mahalanobis distance (a measure of separation between groups of values) and 1.5 times the interquartile range below the first quartile and above the third quartile to detect outliers, indicating potentially erroneous entries [9] . We replaced three values (10-, 10-, and 20-cm displacement of the greater tuberosity fragment) with the median value in one individual as these seemed erroneous; these values were more than twice as great as the second-largest value.
We assessed interobserver agreement in assessment of amount and direction of displacement, and recommendation for surgery per imaging modality group. We used Fleiss kappa analysis to assess the interobserver agreement for the categorical variables direction of displacement, 5mm displacement, and recommendation for surgery. Kappa is a quantitative measure of agreement accounting for agreement by chance among observers and ranges from 0 to 1. A kappa value of 1 reflects perfect agreement, whereas a kappa of 0 indicates agreement based on chance. According to Landis and Koch [17] , a kappa between 0.01 and 0.20 is considered to reflect slight agreement, a value between 0.21 and 0.40 as fair agreement, between 0.41 to 0.60 as moderate agreement, 0.61 and 0.80 as substantial agreement, and greater than 0.81 as almost perfect agreement.
Bootstrapping (number of resamples: 1000) was used to calculate the standard error, z-statistic, 95% CIs, and p values for the kappa values to compare groups. We used an intraclass correlation coefficient (ICC) through a two-way mixed-effects model with absolute agreement to assess difference in agreement for the continuous variable displacement. Absolute agreement in an ICC assesses how much each measurement performed per observer differs from the other observers. A score of 1 indicates perfect agreement, whereas 0 reflects no agreement. Fisher's Z transformation was used to calculate p values comparing individual groups [1, 3] .
Multivariable linear regression analysis was used to assess difference in surgery score and confidence level between groups, controlling for possible imbalance in baseline surgeon characteristics of sex, location of practice (Asia, Australia, and South America were grouped as other owing to their small size), years in practice, supervising trainees, and specialization. The b regression coefficients, derived from linear regression, indicate the absolute difference in outcome (surgery score and confidence level) in one group compared with a reference group.
A sample size calculation for difference in interobserver agreement between groups showed that we were able to detect a medium effect size of 0.54 with a sample size of 164 participants, assuming equal distribution of participants among the three groups, and 80% statistical power (b = 0.20; a = 0.05). A second sample-size calculation for difference in surgery score and confidence level among imaging groups showed that we were able to detect a small effect size of 0.24 with a sample size of 164 participants, assuming equal distribution of participants among the three groups, and 80% statistical power (b = 0.20; a = 0.05) using one-way ANOVA. A two-tailed p value less than 0.05 was considered significant; all statistical analyses were performed using Stata 1 14 (StataCorp LP, College Station, TX, USA). There were no missing values for any of the variables.
Results
Interobserver Agreement
We found no difference, with the numbers available, in interobserver agreement for assessment of displacement in millimeters, direction of displacement, and the 5-mm cutoff between the radiographs only, 2-D CT and radiographs, and 3-D CT, 2-D CT, and radiographs groups.
The ICC was 0.55 (95% CI, 0.41-0.71) for estimating the amount of displacement on radiographs only, 0.53 (95% CI, 0.39-0.70) for the 2-D CT and radiographs group, and 0.57 (95% CI, 0.43-0.74) for the 3-D CT, 2-D CT, and radiographs group; these did not differ between groups (radiographs versus 2-D CT and radiographs, p = 0.913; radiographs versus 3-D CT, 2-D CT, and radiographs, p = 0.836; and 2-D CT and radiographs versus 3-D CT, 2-D CT, and radiographs, p = 0.769). The kappa was 0.30 (95% CI, 0.20-0.40) for assessing direction of displacement on radiographs only, 0.43 (95% CI, 0.31-0.55) for the 2-D CT and radiographs group, and 0.40 (95% CI, 0.29-0.50) for the 3-D CT, 2-D CT, and radiographs group; these did not differ between groups (radiographs versus 2-D CT and radiographs, p = 0.096; radiographs versus 3-D CT, 2-D CT, and radiographs, p = 0.182; and 2-D CT and radiographs versus 3-D CT, 2-D CT, and radiographs, p = 0.686). The kappa was 0.46 (95% CI, 0.31-0.60) for establishing the 5-mm cut-off on radiographs only, 0.45 (95% CI, 0.30-0.60) for the 2-D CT and radiographs group, and 0.40 (95% CI, 0.25-0.55) for the 3-D CT, 2-D CT, and radiographs group; these did not differ between groups (radiographs versus 2-D CT and radiographs, p = 0.964; radiographs versus 3-D CT, 2-D CT, and radiographs, p = 0.587; and 2-D CT and radiographs versus 3-D CT, 2-D CT, and radiographs, p = 0.626).
Recommendation for Treatment
After controlling for relevant confounding variables (sex, location of practice, years in practice, supervising trainees, and specialization), 2-D CT and radiographs (b regression coefficient [b] 3.1; standard error [SE] 2.7; 95% CI, À2.3 to 8.6; p = 0.253) and 3-D CT, 2-D CT, and radiographs (b 1.6; SE, 2.7; 95% CI, À3.8 to 6.9; p = 0.561) did not result in a difference in recommendation for surgery (ie, surgery score) compared with radiographs alone. The surgery score was 49% (SD, 13%) for radiographs only; 53% (SD, 14%) for 2-D CT and radiographs; and 52% (SD, 15%) for 3-D CT, 2-D CT, and radiographs.
None of the other explanatory variables (sex, location of practice, years in practice, supervising trainees, specialization of the surgeon) was independently associated with a higher surgery score.
Confidence in Decision-making
After controlling for relevant confounding variables (sex, location of practice, years in practice, supervising trainees, and specialization), 2-D CT and radiographs (b, 0.40; SE, 0.17; 95% CI, 0.062-0.75; p = 0.021) and 3-D CT, 2-D CT, and radiographs (b, 0.44; SE, 0.17; 95% CI, 0.10-0.78; p = 0.011) were associated with slightly higher levels of confidence compared with radiographs alone. It is questionable whether this small difference is clinically important. The confidence level was 7.6 (SD, 0.90) for radiographs only; 8.0 (SD, 0.89) for 2-D CT and radiographs; and 8.1 (SD, 0.85) for 3-D CT, 2-D CT, and radiographs.
None of the other explanatory variables (sex, location of practice, years in practice, supervising trainees, specialization of the surgeon) was independently associated with a higher confidence level.
Additional Finding
We found a strong association of displacement with surgery score (b, 4.6; SE, 0.66; 95% CI, 3.3-6.0; p \ 0.001; adjusted R-squared, 0.70) when averaging displacement and surgery score for the 22 cases. This confirms that displacement drives the decision for surgery in patients with greater tuberosity fractures (Fig. 2) .
Discussion
Displacement of a greater tuberosity fracture is used to decide on surgery, but it is not clear if its assessment on radiographs is reliable, and if more advanced imaging (CT scanning) provides additional information that might change decision making. We found that 2-D or 3-D CT images, in addition to radiographs, with the numbers available, do not influence interobserver agreement of greater tuberosity fracture assessment, nor did the addition of these images influence the recommendation for surgical treatment. However, surgeons did feel slightly more confident about their treatment recommendation when assessing CT images with radiographs compared with radiographs alone.
This study has limitations. First, only 23% of the surgeons in the SOVG responded to the questionnaire and surgeons in the SOVG are only a subgroup; most of them are in academic medicine (80% [631/791] supervises trainees) and their values, training, and practice probably differ from those of the larger community of orthopaedic surgeons. We found a difference between responding and nonresponding SOVG members for location of practice (respondents: Europe: 40%; North America: 48%; and other: 12%, versus nonrespondents: Europe: 25%; North America: 62%; and other: 13%; p \ 0.001, by Fisher's exact test), involvement in academic medicine (respondents: 89% and nonrespondents: 77%; p \ 0.001, by Fisher's exact test), and their primary specialization (respondents: trauma: 42%; shoulder-elbow: 25%; handwrist: 24%; and general orthopaedics: 8%, versus nonrespondents: trauma: 29%; shoulder-elbow: 14%; handwrist: 43%, and general orthopaedics: 15%). Sex (p = 0.098, by Fisher's exact test), and years in practice (p = 0.77, by Fisher's exact test) did not differ between responding and nonresponding SOVG members. However, we do not believe that the difference between responding and nonresponding members, or the SOVG being a subgroup of the larger community of orthopaedic surgeons, compromises the generalizability of our results as none of the surgeon characteristics (sex, location of practice, years in practice, supervising trainees, or specialization) was independently associated with the recommendation for treatment or decisional confidence. We therefore believe that our results are generalizable to the community of surgeons who treat greater tuberosity fractures. Second, the level of experience in treating greater tuberosity fractures probably differed between participating surgeons; however, we accounted for this by randomizing surgeons into groups, thereby eliminating the risk of confounding, and adjusted for all explanatory variables in multivariable analyses. We therefore see this as a minor limitation.
Third, we included only patients who had a radiograph and a CT scan of the shoulder and our sample therefore might be different than the overall patient population with greater tuberosity fractures. Patients in our study were likely selected for CT owing to more severe or complex fracture configurations. However, a wide variety of fracture patterns was included in our study (Fig. 2) . Nevertheless, inclusion of a different subset of cases (eg, only ''borderline'' cases in which the displacement is close to the 5-mm threshold for surgery) might have resulted in different findings and could have shown that CT imaging is useful in these specific cases. We therefore see this as an important limitation of our study. Fourth, with our sample size we found no difference in interobserver agreement of fracture characteristic assessment or recommendation for surgery among imaging modality groups; however, a larger sample size might have identified a difference. We see the relatively small sample size as a minor limitation; inclusion of more observers might have detected a difference, albeit small, and its relevance would be questionable. Fifth, we used plain images and movies instead of a Digital Imaging and Communications in Medicine (DICOM) viewer; this precludes the use of measurement tools and adjustment of contrast in our study. This might have influenced the interobserver agreement overall; however, we believe that this weakness applied to all groups and did not compromise our comparison of reliability among groups, therefore we see this as a minor limitation. Sixth, the noncompletion rate of observers differed among groups and was highest in the 2-D CT and radiographs group. We see this as a minor limitation as comparison of baseline characteristics among those who completed the study did not suggest imbalance (Table 1) and we adjusted for all baseline characteristics in multivariable analyses. Seventh, we did not assess interobserver agreement for assessment of degree of comminution. This could be an important factor for surgical decision-making. We see this as a minor limitation as it does not influence our current analyses.
Our study showed that, with the numbers available, there was no influence of imaging modality on reliability of greater tuberosity fracture characterization. Previous studies of other anatomic areas are conflicting when comparing interobserver agreement among imaging modalities [5, 22] . For example, Brunner et al. [5] found higher reliability of tibia plateau fracture classification on CT images with radiographs compared with radiographs alone, whereas te Stroet et al. [22] did not find a difference in reliability for classification and treatment recommendation between CT images and radiographs for these fractures. This discrepancy might be explained by the relatively low number of observers, inclusion of different fracture subtypes, and difference in quality of the imaging. The strengths of our study are the large number of observers with varying levels of experience and inclusion of a varied patient sample. We therefore believe that our findings are valid and generalizable to patients with greater tuberosity fractures and that there is no additional value of CT scanning in the majority of these cases. One also should consider the extra resources and radiation of CT scanning: the mean radiation dose for a CT scan of the shoulder (2.1 mSv) corresponds to approximately 26 conventional posteroanterior chest radiographs or plain shoulder radiographs (both 0.08 mSv) [2, 12, 20] and the costs for a shoulder CT scan (unadjusted Medicare fee $180) is approximately six times the costs of plain shoulder radiographs (unadjusted Medicare fee $29) [8] . The additional value of CT imaging might be different for other fractures and our results therefore are not generalizable to other anatomic locations [14] .
Although our study showed that additional CT imaging slightly increased surgeons' confidence in making a recommendation for treatment, we found no evidence that this led to a change in recommending treatment. However, the difference in confidence score was only 0.5 point on a 10point scale and therefore unlikely to be clinically important. This is in line with a study of 145 patients with low back pain who were randomly assigned to ''no imaging'' and ''imaging'' groups. There was no difference in diagnosis or treatment plan between groups, but the clinicians' diagnostic and treatment confidence were greater in the ''imaging'' group compared with the group that did not have imaging [10] . More advanced CT-based measuring methods, such as quantitative 3-D CT analysis, might improve fracture assessment and result in greater agreement when recommending treatment [19] . We found it interesting that the CT scans did not result in different treatment recommendation, as advanced imaging often results in ''case finding''.
Our additional analysis showed a strong association of amount of displacement with recommendation for surgery, suggesting that this factor drives surgical decision-making. This is in line with previous studies emphasizing the importance of displacement [7, 11, 13, 18, 21] .
We found no difference, with the numbers evaluated, in interobserver agreement for greater tuberosity fracture characteristic assessment, amount and direction of displacement, between imaging modalities. Imaging modality did not influence the recommendation for surgical treatment; however, surgeons did feel slightly more confident regarding their treatment recommendation when assessing CT images with radiographs compared with radiographs alone. Our results therefore suggest no additional value of CT scans for assessment of greater tuberosity fractures when displacement seems to be minimal on plain radiographs. CT scans could be helpful in borderline cases, or in case other fractures can be expected (eg, an occult surgical neck fracture).
